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(57) Abstract: A low -dielectric -constant amorphous silica coating whose relative dielectric constant is as low as 2.5 or below and 
2 whose Young's modulus of elasticity is 6.0 GPa or higher, which low-dielectric-constant amorphous silica coating excels in hy- 
^ drophobicity; and a method of forming the low -dielectric-constant amorphous silica coating. A tetraalkyl orthosilicate (TAOS) and 
fsj specified alkoxysilane (AS) are hydrolyzed in the presence of a tetraalkylammonium hydroxide (TAAOH), thereby obtaining a liquid 
composition containing a silicon compound. Thereafter, the liquid composition is applied onto a substrate and subjected to heating 
and firing treatments, thereby obtaining a coating. The thus obtained coaling has smooth surface and has specified pores thereinside. 
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ttHJi**#2. 5ElTbJ>^<, tv^sitt^as 

!SlF^©f^^i!fet|t5 0 7 h77;^;vt/vyv'!J^-h (TA 
OS) & «fc t5#^ <D T A- =J ^ 5/ 7 ^ (AS) 5:7 h 7 7;V*;V7 = 

^A/N^f Kn^-^i^xC K (TAAOH) tf> # ft T t?*D 7k ftffi L T # 5 
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tbSIM (Dielectric Constant) #2. 5JilTi:/J^<v L^4>Kk^lK3i 



ilEtf^&g M-e^!(tt)H-S®ffl$fe^Ml±s -ISIC CVD ;£ (Chemical Vapor 
Deposition Method)&<!£ G>ftt&&&&X\£lsZl—hj&te£<DI&fi&&m^X¥ 

ificffitt)Tfii, i±sss**<3JsiT0)*(Z>*<»?»*L5ta>a). 2. m'&ottmw 
7K«J7'J-;Hiffl!, 7v*Sln7K'j-rsK»|||ii Wv^mig^t'cD cvd 
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#M (Young's Modulus) £^£>t<D£££lfl[C#&C<tteiiU^<h£jiaiL 
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(TE0S)^irh^Pt o ;U7>^-'t7A/N-rKP^-tl-'fK(TPA0H)a)#ST'eiD 
^t*t7^htili, 16-18 GPa (D^yW&mZmLTl^&OXO. URS 
a®£3$7MbU C<D®LM<DitW i mm£2. 1 ~2. 3IC^O^^^,i:7b^^^ 

n^ 0 (mmxmi &&xfm < rxM6tj:£izmM 0 ) 

tLx^mo^mmm^m^it^^.ttmmm^mm^xL^o^t^m 

fezmmu ztiz&m±\zmftUz'&. -izniktt-TxzvmmziMMmmt 

mm^m^m^izmLx$%mm(Diy'ji3^mtm!&r^i^i^t^M.&u 

*%wttm?z>\z^tz. B 

imttUM 4#^2000-349083^$g 
C^I^iR2] #|§P)¥9-315812-^$g 
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[4#fFXitt3] mffitum'Am wo 00/1 8847^« 

[teffrXlSte] «|#M2002-30249#^« 

imtxmi mmmfiam^m^mus 2000/0060364 ai 

HMSffrXlRl ] Advanced Material 2001, 13, No.19. October 2, Page 1453- 
1466 

(a)^h7T;u^;^;uvvU^-h(TAos)fccfci;TtB-^3e(i)T^$H€)T;u=i 

^vv^>(AS)^K^T;U^T>^-^A/\^KP^^-rK(TAAOH)(D# 
X„Si(OR) 4 ^ (I) 

(c) |^»*g^80~350 o C(D;a^-C'iiniftM-r^X|i,*5«i:i; 

(d) ^S*5^350~450°CO);aJt^JigMS-r^X?I 
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(a)^h7T;U^;U^;UVvV^-h(TAOS)^-xK : 77;U4r;UT> ; E-^A/\'l'KP 
**-*MRTAAOH) <D&&TT*m*ftM-£tzimft1)Q7kftMLtz&. -tlE-flS 

(c) i^S*g^80~350°C<D;S^^iaMS-r-5X|f . fccfctf 

(d) |£»fe£350~450 o CCDSJtT?!l&j£Mt"&X?I 

ctt&<z>*aHi/u*sttii©»ia^^ictei\T.iiiriBfl8»xs(a)-effiffl$*t 

MI5liMX|i(a)T^ffl^+l^ J rh7T;U^;UT> i E- f i7A/\-<KP^tf-'rK 
(TAAOH) ^h^Pt^UT^-^ A/\-rKP^-9--rK(TPAOH) , Th^7" 

£U*„ --T% HilIBflMX^a^ffl^^h^T^^r^T^^-^A/x^h* 
P^-b--rK(TAAOH)+|Z$**i* % -*-KiJ^A(Na).*'J^A(K)JS:if<7>T;i/* 

JU7>=E-OJ^/\^a^-tj-^ K(TAAOH)+[C#*tL-5. ft* (Br), tt*(CI)# 
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*T— h (TAOS) fffiUT )\,-=**cisi/^ (AS) (Z^UtbdAOS/AS) [±. SiO, ^ 
3fel£T?6/4~2/8<D«iHf=fc«wij&<#*U*o 

-y-'TK(TAAOH)ti>'J^I^1t]^^Ji£Jie^'(TAOS+AS)CD ; E;UJt(TAAOH/(TAOS 
+AS))li.Si0 2 ^M"C1/'10~7/10£D®Slzfe^Z < !:^jtf^U\o 

KrEjafitrxscb). frSB*ni&Mxfi(c)fc «fctf HfriBttfifcMiSto)© 

(i) ^IS^^XfI(b)(Dg|f^$xe>a— hSTJff:. 

(ii) |friBJnS&«iSxg(c)o^#^i ~i oflfll , M^**x#aaT*fcli^m# 

(iii) MI5!^MSXfI(d)(7)Ji^1 0~90#flk M^#SimT-eff3 0 
#&*tft«IK-e. 2. 5JiiT0)Jt|§m^<!:6. 0 GPa Jil±(D-V>^5i14^ (Young's 

Modulus) ^&«:«ttJKatjs**-r*^t*w*tL-rt^*. ^e>ic. «rEaKtt» 
flriBttJKtt* tt«jR+jc^**t-5jtiea©spis«BnsA<3nmJsiT"e. l 

73^2nm JilT<7>5^P/KT (Micropores) O$ffl?L^#^^73<70%Jil±-efe^C 
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JK)*xtaia«r Lfc*S*£*f. H2lcfelt*XHEl*rlf— 2(2 0 -8° „ 

9° .23° ©tt«i=ft*if^)r*,Mn«»«iJt«*-r*«« 
zsm-5 ffi©-tf*5-fH*K)-e*-&ct*«cLrL^*. 

[«»«**«Jt*>'j***lR<7)»fiR^ra] 

(a) 

**wi=«k«»-a>«««*#«Ri/»j*3RiMifl!>»ja*a5i=feL^i4.* 

X n Si(OR) 4 . n (I) 

<fc-5<> ) 
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^l>MJxMp-»5>, tf-^h'j^h^rvv^, tf-JUMJXh^»^>. !7x 

-;uh'J/h^»^>. 7i=.;uh'Jxh4r-»^>. huyh+v->^>. MJxMrv 

^>VV>(MTMS) % ^;UhUXh^vV7>(MTES)*fcli^(D?M^-^^ffl-r 
^blc N ful5^H77;U^^T>^-^A/\^KP^-y--rK(TAAOH)i:LT{±. 
*tMT, ^h^Plf ;U7>^^A/ Wh*P**1Mh\ "xh^^UT^-^ 

■y-xv^uh'j^^T^— ^A/WKp^mmmk, n-^-^^>;uh'j^;uy 

^-^A/N^FP^iT-^KCTPAOW.^h^^UT^-'yA/x-fKP^-y- 
P^+HTCTAAOH^lCli^^ 

T;U*U^m7C^<D<b^^>fc*t/am(Br)^*(CI)/j:^<D/\Py>]!i7C^<35 

LfrU ^h 1 ;^ A (Na) A^U ^7 A (K) ^ OTT^^'J^ETC^CDjb^^)^^ 
* ; Fttft^-t*i-€ } *t5c*a^l55oa*ppb«fcy £<#itfv5<h. 
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<K(TAAOH)(7)#i£T-eiD7K^-r^l^lC. Z(D^^73<M^«i:LT^fflL. rig 
*L<li5/5~3/7(D^aiCfe^.CtA<M*LU 0 frf5^U±(TAOS/ 

As)tf6/4.%m*.&t. m^h&i'>)t>&fam<Dm7mtfm<tiiZ> 0 i£tz. mm^ 
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+-y--fK(TAAOH)fcS/U*atttt»fifcfiK»(TAOS+AS)a)^;Hk 
(TAAOH/CTAOS+AS)) Its Si0 2 1 XI 0-7/10, SF£L<I*1 /I O 

~6/1 0(D®HICfe-i>Ct^*U^„ ZCT% Bftt5 ; E;UJ±(TAAOH/(TAOS+ 

as) )*<i /1 o*»-efc*t. x>^L/— K*ttLr©«iffi35<iiL^fc«). &M*fc 
»l*4*i*<BB.(«ITLWI)3ft<iWi:<fty, 2. 5J5lT©Jt»*«*rr**>U*IR 

tftLx<D&mtf&i^tzebs m#iz»iteix&miiton*m)ifi*<&v+ 6. 

o GPa a±©^>^#tt*j^6<i:*«3tflEfl!>*>y**««t»«zi:3ft<«L<3S: 

(i)^h77;U*;U*;UVv'J^r— MTAOS)fc«fctf±ffi—«3* 0)^****1.57^ 
3*->5^>(AS) t*«»«i:ffl*Lfcll. 1 0~3O°C<D;ajg-eCttb05J^^3f)< 
+»lcS^-r**T?1 00~200rpm©iSJS-Cai*L, 

^K(TAAOH)<0*^$5~20^ItT)STLfc^^t)IC10~30 0 C<3!>;S 
gT?30~90#|HK 1 00~200rpmCDj£jgT?ff *$U 

(iii)&UT\ 30~80°C(D;S^lctt]iiLfc^s :©Sfl:S^^A^1 ~72BfrHL 
1 00~200rpm®aft-CtH*-r*CtlCj:y , m&r\> s yT)\,*r)\,1tiWWT— 
h (taos) te«fctflWrC7;b3^»5> (as) a> *D*$H|*fcT?fc-&W 

«cb*» iHNE(i)T?ntt2F4tfc taos „ as ts^t;msii^&4:-&SM%4>i= 

SMB(ii)© taaoh ©*»^aST-r**26)(cftjt.r. BtrlB(i)-eHSl*HfcT- 
h77;u*;u:<J-;uv:>'j>r— h (taosk 7)^*vv7> (as) feck i/^r«»j«*N 

b^ji^jt^. ±8BtH«tJS:jfefrT(fflffii o~3o°c mn&m 00-200 
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rpm) V. bUIB (ii) <D^-\-=>T )^ )IT>^—^ A/ WKa^+NfK (TAAOH) <D 

ZCX\ m& = r\~=?T)\,*)\'l!r)VV*sV>T— h(TAOS) „ MIB7;U=l^ri>v^> 
(AS) fecfc^ffrlB^h^T^^UT^^A/ WKP^-y-^K(TAAOH) li. 

x£y— zfn/V—)\,^ z?^y—Mj:i:(DTJ^—)^m. -^ux^u^R^ ^ 
Mx^u. mM*m* fLitx^^^if(Dxx^;u^. ^^-y-> % v^p^v 

&wim&mmft (taos +as) ic^-r zmmm-artt (^«^^/(taos+as)) #1 

/1 ~3/1 . $?£L<I* 1 /I ~2. 5/1 (D^|SlCfc&;: ( b!)*iI£U^ 

P^^K(TAA0H)O7K^li.^g7K*frl*^ii367K*l^h77;U^UT> 

^h7T;U^;U^UVv>J^-h(TA0S)fc e feU*T;UP^r^> : 5>(AS)©iQ7K^ 

i5JS$^^^tolc^ffl^§(DT%^(DJn7K^JSJSlc^^d:s^#t J ^ 

li.^h^T^yUT^-^A/WKP^-Jr-^'fh^TAAOHj^tD^^^LT 
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iKrlB*n*»»a)Sf6*#i:Lr(4, 30~80°c. #SL<f435~60°ca>;Uj£ 

•C?. «1*L*:*<&1 ~72fl#FHL »£L<I41 0~48B#FiI57iMtTfr9C£*<M£L^ o 

zro^dicLr^&t^fc^^^^*'-^*^^^^^!^ (TAOS fccfctf 

AS OtDXtoBte) ©tt¥JS^*l±» 7K'JX5 1 b>^T?500~ 1 000000. 
&SIXI41 000~1 00000©lSlfl|::fcSZ£j&<M*Ll*o CKDlfcTO^fiM 

% . iwEa«iai«*)*ii«r*=t*«T?** . 

X n Si(OR) 4 ^, (I) 
X n SiX' 4 _„ (II) 

T'j-;u»*L<i*bf Ritimm*. *fci±ft*»i 

£f = . nf40~3<DfiEl!t-efe«. ) 

LfrtfctfcW* B|!*ttlc«4xfcttJBIAt#6*t*Zi:A<»6iiTL^*. (^(DPMffllz 
O^T(4. »BJJP9-31 581 2^«<j:ifS#JBa)^t. ) 
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(TAOS +AS)IC*f-r-g>aS;l^Jt (PSXdAOS+AS))^ SiO f *J|:**t?i /3J*L 
T> »*L<ttl/4JJlT-efe*Ct35<a*U^. 

*3R«Bt©BI!fifiK><»«cy, 6. 0 GPa ei±©*:/*»tt*fr&ftS1*K3*ft 

VisWr— KTA0S)<D*j&<d>4<&oT^h^7;U4n>U7:^— >5A/WKPt 
*-9--fK(TAAOH)l=«feS-r>^— hS&*A</h*<«:*fcto-T?**o 

Vv^^— h(TAOS)fc«fetX7;i/=l^v^>(AS)(D*P*^«^-efc^W^it 

(AS)©ip*»*«iT?&«^*fc**t7KU5/PW>(ps)»t?a«iart* 

~4OM% H #£L<l*5~2OM%<0l51l^£A/m^£*<S*U*o 

£JBi*T^nfcf^>#ya— ;«/^ntf;ui— x;KPGP).^Pt°u>^'j=i— ;u 
^//^)UX— ^;U(PGME).^Pt°b>^'J=i— ^-/x^ux— -xjUT-tr-x— h 
(PGMEA)ft^&ai*nfc#»*«i:*Slt««i-rSlS(=ttLfcasWIBi/ , J 
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X„Si(OR) 4 ^ (I) 

tfc-So ) 

BfTl2T-h : 7T^^U7'> ; E-^A/WKP^i7--1'K(TAAOH)li. |^ 
t>3«Mi&IIlfcd:r;i'ft>Si^liIIil:it§Cil; c ):y s 
fcckl/a^ (Br) s tt* (ci) ^fif 0)/ \n?ym7tm<Dib-£;y>}fr ttttmyaZm 

5E*»*-(?50MppbeiT£U SfcJ|*(Br)^&*(CI)fc£<J!>/\ay>7c* 

14 , , 
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^(Dm^mminim^ b) ommt^v^r ^^twis^r— ktaos) 

CZT% HuiBT>»U=3Jr v V7> (AS) £fot>fr Ctf>J)Q7K#f5? (ftf= liSP#JD7k# 
8?) Lfc^lC;l^-r€)ii^lCli N grfB^hvT^^^^UVv 1 ^— h(TAOS)© 

A/\i'KP^i7--rK(TAAOH)©#STW ; 5C^||^+t^o 

C<7>i§^ ■xS77;Wl'T> : E-^A/\'f KP^-Jr-y--fK(TAAOH) [£. 

*T— KTAOS)fcJ:tf7JUa4r*>>5>(AS) [C*t?*-i> : EJH±(TAAOH/TAOS fed: 
TAAOH/ASW. W^ft Si02 /1 0-7/1 0 S #SL<f*1/ 

1 0-6/1 0(D|61l£fc*<fc?[c$ft]^5;i£#a*u*. flfe-aT, CtL?>^;S^L 

fiJtfig^(TAOS+AS)<0 : E;bhb(TAAOH/(TAOS+AS))li, &ft&A4>igft£:l5tt 

lc. sio 2 SiMirei /i o~7/i o. »^l<i*i /i o-6/i oroiSHi^o 

^U^bV v h (TAOS) tlftiETJUa^rV (AS) (D^Utt (TAOS/ 
AS)*<. Si0,»*£in»6/4~2/8, »£L<li5/5-3/7(D^ffl,!:£:£cfc-5 

(i)^h^77U*;i~f ;uvv'J>r- KTAOS)£*«*»£jE£Uy* % 1 0-30°C 
<D;g^T'Cn^(D^73<+^[C;g^^l?100-200rpm(7)3iJg-eti^Ls 



15 




WO 2004/040635 



PCT/JP2003/013691 



-y--CK(TAAOH) G>*»}ft*5~20#;6MfT 5«TLf=a» 0~30°C<D;g 
JST?30~90flflk 1 00~200rpmfl)Stt'H$L, 

(iii) 2feu-e, 30~80 < fc©Micinl»LfcflL :oifti:(K^6o. 5~72B# 

(iv) ±ffiHI&3£ (I) 1?3«**v6T;Ua4r*»^r/ (AS) Sfc(±Z:h.£:|rttJS 
JK4:ffl*L;fc:%<D£, S(r8B(iii)-C»6ttfejE^»?a+t/*$Lfcak. 10~30°C 
a>iflSr^*l.&©fifc»A«+»|cS^^"**-eiOO~200rpm©iSjS-Cll#L» 

■y--rK(TAAOH)<D7K^^5~20^^{tr;^TLy=^^t>(ClO~30 0 CCD;a 
Jg-e30~90^P B 1. 100~200rpmfl!>aL8T?8l#U 

(vi)3fclvc % MIB(v)T'#bHfc?l^;^30~80 o C(7);g^[CjDiiLf=^, ZCD 
fl£lCfife&ft<&1 0~30B$|Hk 1 00~200rpm©iSa-e&#-r5C<fclCj:y „ 
Mf2Th^T;U^;^;UV«>U^— h (TAOS) fccfcU'MIBT^UaJF-vv^ (AS) (7> 

Z<DJ»£ % ±ffit*-ra*T*3SCr«:*)%» HMB(0T?H«*;h.fc TAOS te«fcOf* 
MttE^&^<&S^m't>l=1Hra8(B)© TAAOH a>**ft£2MT-4~&£&)f=ft 
MIB (i) tig$Hfcfh57;^^t^ V v'J^-h (TAOS) j3«fcUf*«JS 
Mt^&&Sfi*»**» ±KfcH»fc£frF(Ml 0~30°C. 00- 
200rpm)"e. HiTlBG'i) ©^h^TJU^UTl^— ^A/ WKP^IMK 
(TAAOH) (D 7lC»5fc+ IC30~ 90#fr If Ttf>o< IJ <blTF LTt efcl * . CTteb* . 

6o) 

(i) ^h^T;U^U^UVvU^-K(TA0S)^Sj§jii<t?l^Lfc^ > 10~30 o C 
©;SJtT*Z^&(75(*^^+^|C;l^^^l?100~200rpm(DiiJtT^f#L. 

(ii) ^l^,^TICfc^g;1^^^43|c^h^7';U^;U7> : E- r 7A/\^KP^ 

16 ^ 
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■*HT(TAAOH)<&**«£5~20#frltT»TLfc&. £f,|ci 0~30°C<D;U 
^T*30~90^. 100~200rpmCD^T*^L. 

(iii) ^lNT%30~80°CCD;UJt[3jiniftLfcm, Z(D;UJgl^*»&7b<C>0. 5~72& 
Nk 100~200rpmCDMT?^Lr. BftlB^h^T VWWU* JUV^U^— h 

(iv) S£lc. ±§E-flS5£ (I) t^§7^a^>i/7> (AS) £*r«»iti:S£L 
fcfc, 1 0~30^<DMT?;i;fc&a>fi6#a<+#lCffl*«*T?1 00~200rpm 

■9--TK(TAAOH)<D7K?S7ft*5~20»^(triSiTLfcft» 0~30°C<7);S 
fin*30~90#|Hk 100~200rpm©aS-ea»L. 

(vi) ^l^30~80°CO);gJtfCjn|ftUfc^s C(D;£jglC&*>&#i=>0. 5~72B# 
Wk 1 00~200rpm(DM-ei ; l^Lr. lWIBT;Ua**>->^>(AS)(D3!B*»» 

(vii) Jfclz, mtd. (Ni) T?»6*Lfc«***fclWB (vi) T?#&:h.fciH*»$*M*L 
fcfc. 1 0~30°C<7>SJgT?CI^bro^7b<+^IC;1^-ri>^-ei 00~200rpm 

(viii) j&RlCJfcCliNE (vii) ■C»&*lfcJSjft*30~80^C©aSlCJinttLfc 
C©aflElCfil*£j&<&10~30B*|Bk 100~200rpm©&fireflt*M'5;:£ 

ma'r^TJ^}U^-j^>'j J T— h(TAos)fed;a:fiiH7;ua+«»^>(AS)ro 

C(Dii^. ±BI=*t-*T*ft(r«*>%» WC(i)-CW«**lfs TAOS 

tt«tt^&4:«3Mft4>i=itriB(H)a> taaoh a>*»***Tr*t*i=, mr 
ib (iv) -eH«**ifcAs fe £i;m£ttfr&&«a6&ft *t=mie (v> © 

TAAOH ©*»Jft$»T-r«**)rcft^r. lWrlB(i)TfH«*ttfc-rh7T;Mr 
;UJ-;W>'J$— KTAOS) fc«fctfM$SJ«fr&fc.&&^jS;fc£* ±f5<t^t£&^ 
<*T(afiE10~30^«^iSJSlOO~200rpm)-et(raH(ii)©-rK J 57;U*;U7 
'>A/\-rKP^-^r-y--rK(TAAOH)<D*JS?ft4>l=30~90^AMtT*-3<y 
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3^6&SS#»**.±IBtS«<C*#T(iaJt1 0-30^. 00-2 
OOrpm)T%flIB(v)(D^h ; 7T;U^;UT> : E- r !?A/\-rKP^-y--rK(TAAOH) 
CD7K^;■g*IC30-90^7b^lt■r^*•^<y<t;^STLTtJ:L^ o CTtob*, Cift&CD^ 

CCt, ttofBrrh'57)]^i-Jl*tWi'V<r— h(TAOS) „ lHriB7/U=>**» : 5> 
(AS) fcckt/fjIB^h^T^-lUT^-^ A/\^KP^-y--1'K(TAAOH) [* s ^g- 

fria^^v'j^^n^M^aAos te<fctx As)ic»f 

»^tt(*«*»/(TAOS+AS))*«1 /I -3/1 . »*L<I±1 /I -2. 5/1 <D 

(TA0S+ AS) O»»B*Jt(*^ti/CrA0S+AS))tt.MS»A 
<Z>i#-8-<hl^l^(C. 1 /I -3/1 „ »*L<I*1 /1 -2. 5/1 a>ffH£&&. 

P**-y--rK(TAA0H)©**J*f4, i*«A©**tH*t, »&H7K*fcl*ig 
ifiie7K4 , l-xh7T;U^;UT>^-^A/WKP^tl--1'K(TAA0H)$5-40a 
fi%, »*L<li 1 0-30S*%©fiI-&t?^r*L>'Sc: < !:3b^*Ll^o 

«TCJio*»«l©fiJ6*f*i:Lri*, MJSA©»^tH«i^ 3o-8o°c, » 

i:L<li35-60 o C(D;gj£^it#L&J&<£0. 5~72B#WK i?£L<(i10~48 
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as (om^mmxomw-^^-mit, mftfoAnm-sbrnmi^ tkux^fl/^ 

JriMK&^-esoo- 1 0OOOOO. *?£L<I41 000- 1 00000(D®ffllrfei,Z 

<z>*Q*»»«Bi:. 5~50nmo>ttfii$4r-r«i/>jASfiftttT&a>Sft;ito-eA^ 

X n Si(OR) 4 . n (I) 
X n SiX' 4 _„ 00 

r;u*;u£, T'J-;uStu<(4t*-;ug^gL. ri***bs?-. *fcf4ft*»i 

~8©7>MrJU*. T'J— ;Ug*>L<l4t*-;i>S£SU X'li/xPy^K^Saf . 
nl40~3©S»-l?&5. ) 
LfrU Z©*^h>P*+>->(PS)©#«l4, IMiJftA©***:^**!::* IfufE© 
v'JAjltlilSi^ (TAOS +AS) |C*rr ^111^ J± (PS/(TA0S+AS)) # s 
SIO f *JMt*T?1/3JSlT»»*L<l*1/4J2lTl»**C:i:4<a*U^ 

Vi> l J^-h(TAOS)fc<fcLN*7;UP^vv7>(AS)©*07X^^r'fci.W^'fb 
*tt.*fcl4b)-rh77 , ;U^U*;i/V*> l J^— KTA0S)feJ:tfTiU3**>2/7> 
(AS)©to7k»»tt^fc*<r^*ft^4fct7KUS/P^>(PS)**fc*ttfflflK«l 
*«K»rtffla*J*iL-C«ffl-r*ii*l=l* % £*&SfcA©J§££ia**l::* *©tt 
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PS)£ SiO 2 ^^S>||-e2~40a*%, *T*L<l*5~20aS%(©lEil-e#^"C 

(pgp), ^PtV>yj=]— ju^/y^n— t-jKpgmeK ^Phfu>yj=3— ;u 
m^mtekiffc-ft. *t.«cii7;uzi^>^> (as) lzi:<DlJQ7kftB-ewi&2*i% 

(c)ftiflM&gxa 
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^<7)iDMSii.^ici^i:^a);S^80~350 o c(D^Bl-eSltWic±tfr 
*fc, ccDinMSi*. ttfltoBHSfc*? ickort^-s^, 1 ~io«\ 

=fc*«#*U*. Z*Ud\ ca>MAt350%12lTH^Jtttn. «l*a*ft#T 
7b<«^i.CDT% »S0)ift«MSXS(c)-eM-rSia8^ Si-O-Si $s#<o^^ 
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'PMCOmmm^. 500~1 OOOOigifippmflJgcZ^f^^t^StfctfX^ 
ffll^Ttcfcl^ (H^tHISi^FjS WO 01/48806 ^fg&t'lClBiu ) 

»D^;gtt (i^7j<tt) .tra^i^^^-r-SiSgimm^alS^U*^^ 

ommmmit, mmmmnm^m^tmrniz. $mj£<D*vhyis-h±izg:fc 
zo^oizLxm^^jt^mcDmmit^m^m^ir^mwm^ 
>^x/\-)±-eiiii^, ioo~6oonm-efey, xtz&mmm ommmmxit 

mi£. 100~1000nm-efe^ 0 

^mmiz^i&mmm^w^j^Mmit^m^mmm^y^m^ 

&&mX\ 2. 5iiiT(DltmW.mt6. O GPa J^CD-V^STOP (Young's 
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Modulus) frb&-i>®M&Jt£^LTl^<i>o ±tZ<DW.mr*flttmz&Hl£, 
aR*lC^**tS«BTL© s F«ilfflTLg}!)<3nmJSlT-T?, L7b^2nmJiLT0)5^P7K 
7 (Micropores) (D^^#^^7b<70%J^±l?fei)V l J*^^#a[C^jS-r -5 

±B©K«»jai»35|l=«bh.«» «M©*iia* (Rms) A<1 nm&TT*fc 
*¥J»fe*iB**-r**>U*IS»BI*§SI=»fifc-rS^i:*<-e**. (Z0>Mtt 
Stt.WT-M^Bifttt AMF imig&*i1tm<0—mW&ttto*o)MzM % 

Mtt^j&rL^<*«©T?,±aLfc*^^r4MI«>tiO*jjit»J«-r*z 
<Ci #£1*. jJoT, SUIB-tf *9-rH*tt-e**i:**l*->5>«ffl (Silylation) 

2. 5&T<bh£C LA^*6. O GPa ia±(DA»>^#te¥fr&fc*ft^ajK8H£fc 
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SttT&'MFC L^t6. O GPa Jel±©-V>^#14*^&<C**t^M3iifiiWi» 
att(«*tt>*3Ktefll^/i=a!iJll«-t*c:i^T?#S. 

immmn 

^h^Pt 0 ;UT> ; E-^Ay\-fKo^-9-^K$4oa»%^t;7K^lkg 
(TPAOH s =y<<*^W)m\^ H^>*Jft»IS0)t»5|53OOg(WK-40, =*ft 

21OOg(SAT-10. =«ft*(*)«)*aSJnUM*f*T. 100rpm©i*Jt-C 
1 B#M«#Lfc». ;^PLfc|^^>3c^fli^^i«ilLT^y|^LNfco 

(Br) ts&is&m (c\)<D/\n^m5im<Dib&®<Dmttft?tim=F®iiibm 
(aas .(*) BtLmftmmmft-e-^w^wiftftmi zsimte&V'C* 

>^PTh;S (DIONEX 2020i)T';liJ^Lt= o 

$b[^,±IB(7)^>5S^^II^^dMOHfII2xh i 5^ , Pt°;i'T> ; E^^A/\-<K 
P^- J F-tf--rKa)7K5t^(rfTlRf n )lCgi^7jC$Jn^.T. 1 OMt%<D»£(ClSSLfc 
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^h'^Asoaappm. ^u^AasooaMppm, ai^soaappmfcj; 

«J<0£**«\ 5c^Pr*^-h'J^AlOfia P pbmT(^ttilS^). rt'J^AlO 

fiappb(^ttjps#).a^i«SppmJiiT*5ctt;^iaappmJiiTi?teofco 

hJFvv^XMTMS. «iaftq£XSt(*)«)*JJ:^99. 5li*ig0I^y-^ 
(ETOH, fn%«!X(^)tt)$%1 l^-rflJ#T';l^Ls C(D;I-&JtjS^20 o C(7);U 
«|C(BJ#U 1 50rpm(DM-e30^F B 1ii^Lfco 

tf-*iMK*?Bafc(i oit%® tpaoh ic^-riiJ-^-ei o^AMtr 

SITU $t>IC2O°C<D;aj^-^2OOrpm0ii^T?1 B#|HlJt#Lfco 50°C 
0;S^ICinSL, Z(T>;ait^#Tlcr200rpm(D^Jg^^L^C^f,20B#F B ^ 

n-w—jL/wis-z-immm^imm r-ih^jb^-c^d 

tV>yjP-;u^y^Pf;Ux-^;KPGP. B*a<bafl(*)«)i:*ail«f 
>SxfIlcttLf-^^h7X5 1 ;u^;uvvU^-h(TE0S) < !:^;uhV^h^>>^ 

sio,»*»*TM 2ai%#i\=S^M^^(II^JM^(D-i ~(D-8)£#fc 0 

(^^Xb^7hP>(^)^ ACT-8)£ffll'VT 8 ^t^XOi/'JaV^i/N-S 
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o°c<D;aJticT 3 #RSk in!»*i3£fTofco wG>*nSM&gxfn?i*s ttK+i=^ 
*n**«»*(PQP)*4f*<JR*L"C<*©-e^*i.&***l'lc»fflLfc. 

ITs 400°C(D;UJtlrr 30 $HUL ittllffofc. SfelC, (St* 
Wltft®-1-(D-8)*Mi£<©iaJS*^^fflLfctt,3g^tlSiyttiLfc. 

%X})Z?*J*— 5— ESVG) li, j&500nmT?fcofc 0 

SHKl MHz. Solid State Measurements £l SSM495), W&3l& s yX w *te1fttil&. 
ICfclf^MC07K^ v ^^i^'(t(TDS fe: Thermal Desorption Mass- 
Spectroscopy, m^fS^GHOtt EMD-1000). (iH)«BBME(-V>^»tt* 
Young's Modulus. -)-J-4ls s rl' s r — *>3>i£. MTS Systems Corp Si±.M>T : >$ 
— XP), (iv)Mf&£(Rms,AFM5£K (v)^?L#*(¥i^?Lfifc<fctf 2nmia 
T<D*i?L^i»lt«: £ efctf (vi) X *||!8rfc?— * (« AK1fttt£& 

B B B S^)]i$ i i9J^:X^IsI^)CDSiJ^fro'fco ^©Ililt-ffflJ^ifc 

fW^WJ^- H60. 8g(TMOS, ^*ftqtX«(«!)«), WUHJ 
>r+'»7>127. 3g(MTMS.fi«<b¥X*(«c)«)fe«fct;99. 5M%;lJt 

©SJtlCft&U 1 50rpm(Di*flCT»30»|Ha#Lfc. 

+M K©7Kit;t298. 3g(l 0M%tf> TPAOH 0#*MtT;i§TU £ 
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t>IC20°C(Z);g^T*1 50rpm(DM-ei 8$|BL «#Lfc 0 ^<£>^ 50°C<D;£JtlX 
Jnl&U C©aftft#TlCT200rpm©afiEra»Uj:A<&20l$M, lUIBCDv 
■J*SttttflSJ*ja#(TMOS fccfctf l\™iS)<D*0###£*TO*:. 

>t;u^;uvv'J^— h(TMOs)«h^;uhU>h^v^>(MTMS)(DJn7X^ ! fei 

c:©«J:5l=Lr#&4tfcaB!»^ffll6*a5ml*» £%0ijl fcHi;*frTT?, * 
t 0 ^-h;^^ffll^r8^>^+^-('XcDv'J=l> r t7x/^-**g(^^atS)-hl^ 

8(cttLfc„ *e>ic. ^oatfi (Biswas®) *M»a6<©iaffi*-e)*3aiLfc«. 

^©*aJ=Lr»&tlfc»«±IC»^ttfce/«J*Sttgt©BIJl[|4,»500nm 

&ic s mm®h corns tmm\z. »*±ic»^**ifci/'j*saje©itR«*, 

Jfflfl.»*(¥iQIBI7LSte«fci;2nmJUT<Dtt7L36!»$M)fe«ki; X KHal^rtf— 
TH^x^u^uvv'j^r— hss. 7 g (TEos, #i^iH(ft)S), ^;umj 

xh+VV7>166. 2g(MTES.«iefc«S|l(t*)«)te«*:i;99. 5M%;T£jg 
©X^y- ;U449. 8g(ETOH.fQ3fe|4|S(t|e)J*)£iS^U Z(D;I-^ / ; t^20 o C 
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1MK0*»jfc298. 3g(10ma%<7) TPAOH £^t?)£lOfl>*MtT3rFU $ 
£K20°Cc7>;£jtT?1 50rpm<Di* l&IHL it^Lfr. ^-<D&. 50°C(D;£]tlC 

^UjfrUVS/'J ^— h (TEOS) t^UMJxMr v V7> (MTES) (DtDfoMRVl 
[§£«E0>I43 
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(TBAOH, ^-r*->(«0S)l=. V§M*>&&®mO>®m3OOg(\NK-40. =^it 
&(fam)&mnL. f;S^#T. 200rpm<DiiJtT?1 m&l,tz'l£. mtUL 

21OOg(SAT-10,H^b^(^)M)^^*nL.M^Ts2OOrpm(DilJtT' 

tplZ^fflmtLX^-£H&1-h')0 A (Na) fc&ZSWJ ^ A (K) (DT^± l J ^MtzM 
H?Hffi^ft : £(AAS&)te&XSJ*>5n-?hmxmj£Ltzo 

p^-y--rK(7>7KjtjS(rtilSp°p)ic@^7k$iin^r, 1 oa»%<Djijgicii^Lfc 
^(om^^y^mmm<D^mm^^Hx^tzTm^im^7tm^m 

-C^-l-'J^ASOSMPpm, *U^A3000aSppm v *^2500a»ppmfccfc 

S$S*tth'J^Al OS» PP bJilT(^aiRB^) . tj'J<7A1 0 
SSppb(^aiRS#) , SSppmfelTfc^O'timi Hppm^Ttfeofc, 

Jfel=, ^h^x^U^UV^'J^r- h85. 7g(TEOS % ^Jt^XlK^)^), ^ 
^HJ*h*VV7>127. 3g(MTMSJl^b^X^(1*)^)fccfci;99. 5S 
S%?MCDX^y-;U406. 4g(ET0H N Sl^c$ifi^(^)^)$ , ;M'raL. CKD;l^r;t 
;^20°C(DS^IC^^L. 1 50rpm<DMr*30»f B ^if Lf= 0 

#-y-l'K7KJt;S380. 6g(10fiS%(D TBAOH £#t?)£l O^TbMtTjjgTU £ 
■=>|::20 o Ctf);£Jg-ei 50rpm<DjDg-ei B#fiJUt*$L.fco "?"<Df£, 50°C(7);g^|CiP 
mU Z(D^mm*TlzX200rpm<D&mX'MnLtetf*20mffl. MISCDV'JTJ 

^$Ilff*j&j£#(TEos fcj:u: MTMSXDMftMZiTitz. 
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^JSSfe+Ox^y— ;K*«»*SE)*, p-$'J-x/\*°u~ £-£ffl^T^PtV 
[IWI5] 

•xh^X^l^UV^'J^- h85. 7g(TE0S, ^J$lt^XS(*fc)il)fc£tf 99. 
5Mi%;lJt0>x£y— ;U146. 6g(ETOH % fn#?i3fill(4*)§S)£;I£U 
£^&£2O°C0)MlZ##U 150rpmO)jig-C'30^P B ^l#Uco #|3 S Kfcg 

(10Sg%<Z) TPAOH £#fr)£lO#7bMt-OT§TU £<=>lC20 0 Ctf);Sj£K-a 5 
Orpm0>jlj£T?2B$r B 1*l#U: o 50 o C(D>&miz1XimL, CCDigJt^T 

|CT2OOrpm(7>MT'^L^A<b4OB#P B ^^h^X^;U^-;UVv'J^--h0iP 

^ 30 
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jfciN-e, comtsmmiz* ^;uK'j^h^r->v^>i27. 3g(MTMs > mmtm 

JLM(&m)t99. 5M%/"SJg<DI*y-;U342. 1g(ETOH*fn3te«£(*|0 

^+HT£>7k;£j&208. 8g(10M:%tf> TPAOH £#t?) £l OftfrlfXifeT 
U £«=>C:20 o CCD;£j£-C*1 50rpmO)Mt?1 ftfHk MftLtzo "tOik. 5O°C0);S 
SlCjjQS&U ^©aftft#TlC-C200rpmO)iSJSTfli^Lti:*<625i^|HJ, & 

^y^pe;ux-^;u(PGP)tJS«lE«Si-r*xsic«Lfcflk.-7 t h^^;u3t-;uv 



^©*3l=LT#6tLfc*«±l=^**l.fc^g*lfettl8l©aJ![li.|&500nm 

K*^x^Rast«rai=i!3it*«j!R<D*»i»***<b, *U£3& $bs&$« 

«ITL»^(¥^lfflTLS!l3«fci;2nmJSlT©lfflfl.Sa#**)fe*V X ^@tfft°— 
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■to 

immmei 

=f\~=m=f-)\,iT)\,V^)'T—Vtt. 7g(TEOS. &mit¥JLmWm)1S&Zf 99. 
5ma%;1S<0X^/— JU46. 6g(ET0H\ m^tUMi^W^M^L. 
£?f&£20 o C<D;SJtlC<£&U 1 50ipm©jftKT?30#MS#Lfc. 

^$89. 5g(1OSs%0>TPAOH £#t;)£l O^^lttiTL, ££IC20 o C0> 
50rpm(D^T-5B^P B 1}Hf Lfco ^(D'&s 50°C(D;ajtlC»Of^L. C<D 

^blC^WJ^h^»7>127. 3e(MTMS,«iB^Xit(*|!)ai)i:99. 
5SS%aUKOX^y— ;i/342. 1g(ETOH. ft%ttX(&)tt)&a&U C(DS 
^*»*20*©Mt*j»L, 1 50rpm<DiSfiET?30#|ll]»#Lfc. Jfcl=, Sfcfi 

(1 OS*%C7) TPAOH $1 O^AMtTJSTL. $&(C20°C<0i&JST?1 50r 

pm©II-e2^fll^Lfc 0 *<D8L 50 o C£>;SJtlr*ir]?&U Z©fflftft#TI= 
r200rpmCD^ST*tt#U < C^5B#Fe1^5 1 ;UKU^h^vV7l/(MTMS)<DgP 

r200rpmro^jST?tg^U*Jb<^20B#F B 1.^fBQ>^U*mi&li^J^^(TE0S 
fcektf MTMS ©»»ilP7K»*«J)©*n*»»*ffofco 

^;*#j&cpa>x£y— □— x^tKu— £— ^fflUT^PtfU^'Ja— ;u 
^y^ptf;ux— 7;u(PGP)^KffiA'r«x8(c{KUctt.-Th7^5 1 ;u4-;uv 

*>'J$— h(TEOS)t^;UHU^h^v^v>(MTMS)©iD7K^^^e>7 t ci:-&^'f 

( g 32_ 
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WLfmmmmmMmm^nt~o tin. ^mm^^mummm^mcD 
m^^(wm^imn^if2nrry)iiT<Dmn^m^mm)n^u x ^[oiijfbf- 

[It«7] 

•xh^X^;U7t-;UVvU^— h77. IgCTEOS, ^Sftfli(t)l), ^UHJ 

(ps s si02 mwx*-\ omm%)&ms>. nm^-si 58i z^mmmo^mx 
mmn&tf99. 5mm%m^<o^y— ;u43o. i g (ET0H,fn3t^(^)M) 

+»-'rKc7)7jC;t;^298. 3g(1OM»%0 TPAOH O^ltTi^TLs $ 

t>IC20°C(D;a^-ei 50rpm(DiiJtT?1 B#PsHt#Lt:: 0 ^(D^. 50°C<Z);SJt|-J)[] 
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ttTL»*(¥*&ttaate«fei;2nmfiiT©«iTL«8t* **)fe<tt; x fin^t 0 — 
immmai 
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(ETOH, W3fett*<*)«)£*3lcS-r«£T?S*U -©;I£^j&£20°C<7)S 
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